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(57)Abstract: f 
PROBLEM TO BE SOLVED: To provide a power control method for ^ / < > f ,t 

high-frequency dielectric heating free from an influence from the ' * \ 

variation, if any, of kinds of magnetrons or their characteristics or from <y \ 
the temperature variation of an anode of the magnetron. | 
SOLUTION: An input current of an inverter circuit rectifying a voltage •• u 
of an alternate current power source (20) and inverting it to an * ; i 

alternate current of a given frequency is detected (71), and the 
detected current is rectified to find (72) an input current waveform. On ^ | 
the other hand, the alternate current power source voltage is rectified x 1 
(61), a reference waveform is found (91) by waveform shaping, the : ik 

difference of the inputted current waveform and the reference 
waveform is found (92), and difference information and a current 



5 *v 



control output are mixed by a mixing circuit (81 ) to convert it into a - ~* ^ 

drive output of a switching transistor (39) of the inverter circuit. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the high-frequency dielectric heating using a magnetron like a 
microwave oven. 

It is especially related with the variation in the characteristic of a magnetron, a kind, and 
the high-frequency dielectric heating that is not influenced by it at differences, such as 
temperature of the anode of a magnetron. 

[0002] 

[Description of the Prior Art] 

The conventional publicly known high frequency heating device is adjusting the electric 
power supplied to a magnetron with the output pulse width of the inverter control circuit. 
When the output voltage of the signal superposing means became high, the output pulse 
width of said inverter control circuit became large, and the electric power supplied to a 
magnetron had become the composition which becomes large. It was possible to have 
changed the output voltage of a signal superposing means and to have changed the 
heating output of a magnetron continuously by this composition. 
Since the heater served as the cathode of a magnetron, and the transformer which 
supplies electric power to a magnetron supplied electric power also to the heater, the 
electric power supplied to a heater according to change of the electric power supplied to 
a magnetron was also changing. For this reason, when it was going to put heater 
temperature into the proper range, only the variation width of few heating outputs could 
be taken, but there was a problem it becomes impossible to change a heating output 
continuously. 
[0003] 

There is a control system (JP,H7-176375,A) which these people developed previously 
and for which they applied as a high frequency heating device which solves this. 
Drawing 12 is a figure explaining the high frequency heating device which carries out 
this control system. The transformer 703 which supplies electric power to the heater 715 
of said magnetron 701 at the same time this heating control system supplies high 
tension power to the high voltage rectification circuit 702 which supplies secondary 
volume electric power to the magnetron 701 and the magnetron 701 in drawing 12, The 
inverter circuit 705 which rectifies AC power supply 704, changes it into exchange of 
predetermined frequency, and is supplied to the transformer 703, The power detection 
means 706 which detects the input power or the output power of the inverter circuit 705, 
The output set part 707 which outputs the output setpoint signal corresponding to 
heating output setting out for which it asks, The power conditioning part 708 which 
controls the direct current level of a power conditioning signal to become a heating 
output which compares and asks for the output and said output setpoint signal of the 
power detection means 706, A dispatch detection means 719 by which the dispatch 
detection signal which is an output when the output of the power detection means 706 is 
set to 718 or more output levels of a reference voltage generation means serves as HI 
from LO, The comparison voltage generation circuit 716 which generates the voltage 
corresponding to said output setpoint signal, The waveform-shaping signal which 
compared the output setpoint signal by the level conversion circuit 720, and the 
waveform shaping circuit 721 which operates orthopedically the output of the rectification 
circuit 710 which rectifies AC power voltage 704 based on said waveform-shaping signal 
and said dispatch detection signal, The comparison circuit 71 1 which outputs 
comparison reference voltage when small as compared with the output of said 
comparison voltage generation circuit, and carries out reversal amplification of the output 
signal of the waveform shaping circuit 721 when large, The signal superposing means 
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712 which superimposes the fluctuating signal of the output of the comparison circuit 
71 1 on said power conditioning signal, and outputs a pulse width control signal, It has 
composition provided with the oscillating circuit 713 and the inverter control circuit 714 
which carries out Pulse Density Modulation of the output of the oscillating circuit 713 with 
said pulse width control signal, and drives said inverter circuit 5 with this abnormal- 
conditions output. 
[0004] 

The above-mentioned high frequency heating device is adjusting the electric power 
supplied to the magnetron 701 with the width of the output pulse of the inverter control 
circuit 714. If the output voltage of the signal superposing means 712 becomes high, the 
output pulse width of said inverter control circuit 714 will become large, and the electric 
power supplied to the magnetron 701 becomes large. It is possible by changing the 
output voltage of the signal superposing means 1 2 continuously in this equipment to 
change the heating output of the magnetron 701 continuously. 
According to this composition, according to output setting out, it is orthopedically 
operated by the waveform shaping circuit 721 which inputs the rectified voltage of AC 
power supply 704, and is outputted to the comparison circuit 71 1 . Reversal amplification 
is carried out by the comparison circuit 71 1 which has the comparison voltage 
generation circuit 716 which generates the reference signal of the level corresponding to 
a heating output setpoint signal for the output of this waveform shaping circuit 721 as 
reference voltage, Said pulse width control signal which is an output signal of the signal 
superposing means 712 by superimposing the output of the power conditioning part 708 
on this reversal amplified signal, Since the level near the amplitude maximum of AC 
power supply 704 becomes lower as compared with the time of high power at the time of 
low-power output and heating output setting out becomes more expensive [ the level of 
said magnetron non oscillation portion ], the dispatch period around a power supply 
round term of a magnetron becomes long. The electric power supplied to a heater by 
this becomes large. Furthermore, the input current waveform of an inverter is convex 
near an envelope peak, and turns into a waveform near the rectification waveform of a 
sine wave at the time of high power, and harmonic current is suppressed. 
Thus, by the waveform shaping circuit 721 , many a pulse width control signal so that the 
heater current may be at the time of low-power output, By controlling so that power 
supply current harmonics become small at the time of high power, power supply current 
harmonics can be suppressed low, moreover change of the heater current can be made 
small, and a reliable high frequency heating device can be realized. 
[0005] 

[Problem to be solved by the invention] 

However, in this control to the ON/OFF drive pulse of a switching transistor. Since 
waveform shaping by a "prospective control system" is carried out so that Pulse Density 
Modulation of the commercial power waveform may be carried out using the modulated 
wave form processed and operated orthopedically and an input current waveform may 
approach a sine wave, It became clear to the variation in the characteristic of a 
magnetron, a kind, and it the ebm (voltage between anode cathodes) change by the 
temperature of the anode of a magnetron or the load in a microwave oven and that 
waveform shaping cannot be further followed even to line voltage variation. 
[0006] 

Here, the variation and the kind of the characteristic of magnetron used as the 
motivation of this invention are explained briefly. As drawing 13 showed, for nonlinear 
load, the VAK(anode cathode voltage)-lb characteristic of the magnetron modulated ON 
width according to the phase of commercial power, brought the input current waveform 
close to a sine wave, and carried out improvement in a power-factor. 
And this nonlinear characteristic of a magnetron changes with kinds of magnetron, and 
is changed also with magnetron temperature and the load in a microwave oven. 
[0007] 

Drawing 13 is an anode cathode impressed-electromotive-force-anode current 
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characteristic figure of a magnetron, (c) is a figure showing the difference arising from 
the temperature of a magnetron, respectively, and in common with (a) - (c), (b) makes a 
mistake in (a's) making a mistake in being based on the kind of magnetron, and being 
based on the right and wrong of matching of electric supply of a magnetron, and a 
horizontal axis is [ a vertical axis is the voltage between anode cathodes, and ] anode 
current. 

Then, if it sees about (a), A, B, and C are the characteristic figures of three kinds of 
magnetrons, and in the case of the magnetron A, only one or less-IA slight current will 
flow through current until VAK is set to VAK1 (=ebm). However, if VAK exceeds VAK1 , 
the current IA will begin to increase rapidly. In this field, IA will change a lot by the slight 
difference in VAK. Next, in the case of the magnetron B, VAK2 (= ebm) is lower than 
VAK1 , and, in the case of the magnetron C, VAK3 (= ebm) is still lower than VAK2 
further. Thus, in the modulated wave type which ebm doubled with the low magnetron, 
since this nonlinear characteristic of a magnetron changes with kinds A, B, and C of 
magnetron, when ebm uses a high magnetron, the input current waveform has been 
distorted. With equipment, these problems were not able to be coped with 
conventionally. Then, it has been problem to make the high-frequency-dielectric-heating 
circuit which does not receive those kinds of influences. 
[0008] 

If it similarly sees about (b), the characteristic figure of three kinds of magnetrons shows 
the good of impedance matching of the heat chamber seen from the magnetron, and 
wrong. When impedance matching is good, it becomes small as VAK1 (= ebm) worsens 
by the maximum in the following. Thus, it has been problem that this nonlinear 
characteristic of a magnetron makes the good of impedance matching and the high- 
frequency-dielectric-heating circuit which does not receive those kinds of influences 
since it differs greatly even when it is poor. 
[0009] 

If it similarly sees about (c), the characteristic figure of three kinds of magnetrons shows 
the height of the temperature of a magnetron. When temperature is low, in ebm, VAK1 
(= ebm) becomes low at the maximum as temperature becomes high gradually below. 
Therefore, when the temperature of the magnetron was doubled with the lower one, and 
the temperature of a magnetron became high, that an input voltage waveform is 
distorted broke out. 

Thus, it has been problem that it makes the high-frequency-dielectric-heating circuit 
which does not receive those kinds of influences since the nonlinear characteristic of a 
magnetron differs also in the difference in the temperature of a magnetron greatly. 
And compensation of these change was omitted conventionally in the circuit and the 
aforementioned circuit. 
[0010] 

Then, even if the problem of this invention has variation in the kind of magnetron, or its 
characteristic, It is in providing the ebm (voltage between anode cathodes) change by 
the temperature of the anode of a magnetron, or the load in a microwave oven, the high- 
frequency-dielectric-heating method of not receiving those influences even if line voltage 
variation occurs further, and equipment. 
[0011] 

[Means for solving problem] 

in order to solve an aforementioned problem ~ the power controls for high-frequency 
dielectric heating according to claim 1 ~ an invention of process, Detect the input current 
of the inverter circuit which rectifies and carries out high frequency switching of the AC 
power voltage, and is changed into high-frequency power, and it asks for an input 
current waveform, On the other hand, from said AC-power-voltage waveform, it asks for 
a reference waveform, the difference of said input current waveform and said reference 
waveform is searched for, this difference information and a power-controls output are 
mixed, and it changes into the driving signal of the switching transistor of said inverter 
circuit. 
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the power controls for high-frequency dielectric heating according to claim 2 -- an 
invention of process, The input current of the inverter circuit which rectifies and carries 
out high frequency switching of the AC power voltage, and is changed into high- 
frequency power is detected, Rectify this detection current, and ask for an input current 
waveform and, on the other hand, said AC power voltage is rectified, It shapes in 
waveform, and asks for a reference waveform, the difference of said input current 
waveform and said reference waveform is searched for, this difference information and a 
current control output are mixed in a mix circuit, and it changes into the driving output of 
the switching transistor of said inverter circuit. 

In the power-controls method for high-frequency dielectric heating according to claim 1 
or 2, said reference waveform obtains the invention according to claim 3 by changing a 
commercial source voltage waveform through gain variable amplifier. 
The invention according to claim 4 makes said reference waveform and difference 
information with said input current waveform the control input signal of said gain variable 
amplifier in the power-controls method for high-frequency dielectric heating according to 
claim 3. 

The invention according to claim 5 has the composition that said mix circuit omits the 
high-frequency component of said current control output, in the power-controls method 
for high-frequency dielectric heating of Claims 1-4 given in any 1 clause. 
In the power-controls method for high-frequency dielectric heating of Claims 1-5 given in 
any 1 clause, the invention according to claim 6 makes the signal which reversed the 
waveform which rectified and shaped said AC power voltage in waveform, and carried 
out waveform processing an auxiliary modulating signal, and inputs it into said mix 
circuit. 

In the power-controls method for high-frequency dielectric heating of Claims 1-6 given in 
any 1 clause, the invention according to claim 7 provides the limiting circuit which 
restricts a waveform in the plus direction and the minus direction of said difference 
information, and inputs it into said mix circuit. 

The invention according to claim 8 provides a difference in the current increase and 
rising characteristics at the current error signal which is a difference of the value and 
current reference signal which carried out smoothness of said input current waveform in 
the power-controls method for high-frequency dielectric heating of Claims 1-7 given in 
any 1 clause. 

The invention according to claim 9 adds the limiter function which controls the collector 
voltage of said switching transistor to a specified value to said current control output in 
the power-controls method for high-frequency dielectric heating of Claims 1-8 given in 
any 1 clause. 

In the power-controls method for high-frequency dielectric heating of Claims 1-9 given in 
any 1 clause, the invention according to claim 10 omits the high-frequency component of 
said difference information, and is taken as the control input signal of gain variable 
amplifier. 

The reference signal conversion method which brings said reference waveform signal 
close to zero is established at the time of the phase to which the invention according to 
claim 1 1 becomes low [ said AC power voltage ] in the power-controls method for high- 
frequency dielectric heating of Claims 1-10 given in any 1 clause. 
The invention according to claim 12 forms the filter which attenuates the harmonic- 
distortion ingredient of commercial power frequency in the plastic surgery filter circuit 
which rectifies said AC power voltage in the power-controls method for high-frequency 
dielectric heating of Claims 1 -1 1 given in any 1 clause. 

The invention according to claim 13 advances the phase of said reference waveform 
beforehand in consideration of the time delay of a control system in the power-controls 
method for high-frequency dielectric heating of Claims 1-12 given in any 1 clause. 
Invention of the power control unit for high-frequency dielectric heating according to 
claim 14, A current detection means to detect the input current of the inverter circuit 
which rectifies and carries out high frequency switching of the AC power voltage, and is 
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changed into high-frequency power, The 1st conversion-of-waveform means that 
changes the output of this current detection means into an input current waveform 
signal, The 2nd conversion-of-waveform means that changes said AC-power-voltage 
waveform into a reference waveform signal, The waveform error detection circuit which 
outputs a waveform error signal in quest of the difference of the input current waveform 
signal from said 1st conversion-of-waveform means, and the reference waveform signal 
from said 2nd conversion-of-waveform means, It had the driving signal conversion 
method which mixes this waveform error signal and a power-controls output, and is 
changed into the driving signal of the switching transistor of said inverter circuit. 
Invention of the power control unit for high-frequency dielectric heating according to 
claim 15, A current detection means to detect the input current of the inverter circuit 
which rectifies and carries out high frequency switching of the AC power voltage, and is 
changed into high-frequency power, The 1st rectification circuit that rectifies the current 
signal from this current detection means, and the 2nd rectification circuit that rectifies 
said AC power voltage, The shaping circuit which shapes the output of this 2nd 
rectification circuit in waveform, and the gain variable amplifier circuit which carries out 
gain variable [ of the output signal from said shaping circuit ], and outputs a reference 
waveform signal, It had the waveform error detection circuit which outputs a waveform 
error signal according to the difference of the input current waveform signal from said 1 st 
rectification circuit, and the reference waveform signal from said gain variable amplifier 
circuit. 
[0012] 

[Mode for carrying out the invention] 

Hereafter, this invention is explained using Drawings. 

Drawing 1 is a figure explaining the high frequency heating device concerning this 
invention. 

In drawing 1 . it is rectified in the diode bridge type rectification circuit 31 which comprises 
the four diodes 32, and the volts alternating current of AC power supply 20 is changed 
into direct current voltage through the smoothing circuit 30 which comprises the inductor 
34 and the capacitor 35. Then, it is changed into high-frequency ac by the capacitor 37, 
the resonant circuit 36 which comprises the primary winding 38 of the transformer 41 , 
and the inverter circuit which comprises the switching transistor 39, and high frequency 
high voltage is induced by the secondary side coil 43 via the transformer 41 . 
[0013] 

High tension is impressed between the anode 52 of the magnetron 50, and the cathode 
51 via the voltage doubler rectifier circuit where the high frequency high voltage induced 
by the secondary side coil 43 comprises the capacitor 45, the diode 46, the capacitor 47, 
and the diode 48. There is the 3rd winding 42 in the transformer 41 , and this heats the 
heater (cathode) 51 of the magnetron 50. The above is an inverter main circuit. 
[0014] 

Next, the control circuit which controls the switching transistor 39 of an inverter is 
explained. In a ready sink and the smoothing circuit 73, detect the input current of an 
inverter circuit by the current detection means 71 , such as CT, carry out smoothness of 
the current signal from the current detection means 71 , and in the rectification circuit 72 
First, this, The signal from the output set part 75 which outputs the output setpoint signal 
corresponding to heating output setting out of another side is compared in the 
comparison circuit 74. Since the comparison circuit 74 performs comparison for 
controlling the size of electric power, even if the anode current signal of the magnetron 
50 or the collector current signal of the switching transistor 39 is an input signal instead 
of said input current signal, its this invention is effective. 

On the other hand, AC power supply 20 is shaped in waveform for the diode 61 in a 
ready sink and the shaping circuit 62. Then, the signal from the shaping circuit 62 is 
reversed in reversal and the waveform processing circuit 63, and waveform processing 
is carried out. 
[0015] 



Change the output signal from the shaping circuit 62 in the below-mentioned gain 
variable amplifier circuit 91 provided by this invention, and it outputs a reference current 
waveform signal, It outputs as a waveform error signal by the waveform error detection 
circuit 92 in which the difference of the input current waveform signal from the 
rectification circuit 72 and the reference waveform signal from this gain variable amplifier 
circuit 91 was similarly provided by this invention. 
[0016] 

The waveform error signal from this waveform error detection circuit 92, and the current 
error signal from the comparison circuit 74 The mix and filter circuit 81 . (it is hereafter 
called a "mix circuit".) -- it mixing, and it filtering, an ON voltage signal being outputted, 
and the saw wave and the PWM comparator 82 from the saw wave generation circuit 83 
comparing, and, Pulse Density Modulation is carried out and on-off control of the 
switching transistor 39 of an inverter circuit is carried out. 
[0017] 

Drawing 2 shows one example of the mix circuit 81 . An auxiliary modulating signal adds 
a waveform error signal to those with three, and the terminal 81 1 , it is added to the 
terminal 81 2, a current error signal is added to the terminal 81 3, and the input terminal of 
the mix circuit 81 is mixed in an internal circuit as shown in a figure. 
Although 81 0 is a high frequency cut-off filter and being mentioned later, it has the 
function to remove the high frequency component of the current error signal which does 
not need a high frequency component. It is because a changed part of a waveform error 
signal will stop coming out finely if a high frequency component exists when mixed with a 
waveform error signal. 
[0018] 

(Embodiment of the invention 1) 

The embodiment of the invention 1 creates automatically the waveform standard which 
followed the size of the input current by the gain variable amplifier circuit 91 as 
mentioned above, and This waveform standard, It mixes with the output of input current 
control of the waveform error information acquired by comparing the input current 
waveform obtained from the current detection means 71 in the waveform error detection 
circuit 92, and acquiring waveform error information, It is used for the on-off driving 
signal of the switching transistor 39 of an inverter circuit at conversion. 
Drawing 3 is a figure explaining the waveform acquired by the embodiment of the 
invention 1 , and (a) When an input current is large, (b) is when an input current is small, 
and (1) and (2) show the input-side signal (I is a reference current waveform and RO is 
an input current waveform) and output side signal (waveform error) of the waveform 
error detection circuit 92, respectively. Since a reference waveform follows an input 
current and changes the size in a figure, When an input current is large, when an input 
current is small, as shown in (2), in (b), only the waveform error appears [ (a) ] in the 
output side signal (waveform error) of the waveform error detection circuit 92, The 
dynamic range of the waveform error detection circuit 92 which creates a waveform error 
signal will always be kept large, and the characteristic becomes good. 
[0019] 

Thus, since the control loop operates so that an input current waveform may agree on 
the waveform standard which followed the size of the input current, Even if the kind of 
magnetron and its characteristic have variation, the ebm (voltage between anode 
cathodes) change by the temperature of the anode of a magnetron or the load in a 
microwave oven and the input current waveform plastic surgery which does not receive 
those influences even if line voltage variation occurs further can be made. 
[0020] 

(Embodiment of the invention 2) 

He is trying to change the embodiment of the invention 2 into a reference waveform 
through the gain variable amplifier circuit 91 as mentioned above using a commercial 
source voltage waveform, and a power-factor serves as best by this. Namely, since it 
rectifies from commercial source voltage and a reference current signal wave form is 
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made, if commercial source voltage is close to a sine wave, a reference current signal 
wave form will also approach a sine wave, and, generally waveform distortion (waveform 
distortion that the peak part of a sine wave is crushed especially) will follow on 
commercial source voltage, but. In that case, since a reference current signal wave form 
is distorted similarly, an input current waveform will approach this and a reference 
current signal wave form is no longer influenced by power supply environment in 
preparation for both cases in the waveform after all, a power-factor becomes good. On 
the other hand, although the system which makes reference voltage with a 
microcomputer etc. conventionally is generally used, now, there is a big fault that it 
cannot respond to distortion of power supply voltage. 
[0021] 

(Embodiment of the invention 3) 

Embodiment 3 feeds back said difference information to the gain variable amplifier circuit 
91 . as mentioned above, the reference waveform being able to change a commercial 
source voltage waveform, and it through the gain variable amplifier circuit 91 , By feeding 
back further the difference information of this reference waveform and a current wave 
form to the gain variable amplifier circuit 91, and considering it as the amplifier control 
input signal of the gain variable amplifier circuit 91 , Since the reference waveform can 
follow the size automatically in a current wave form, only a waveform error will appear in 
difference information, the dynamic range of the waveform error detection circuit 92 will 
be kept large, and the characteristic becomes good. 
[0022] 

(Embodiment of the invention 4) 

The embodiment of the invention 4 is considering said mix circuit 81 as the composition 
which omits the high-frequency component of a current control output. Drawing 4 is a 
circuit which shows one of them. 810 is a high frequency component cut-off filter, and is 
inserting this high frequency component cut-off filter 81 0 in the terminal which takes in 
the current error signal from the comparator 74 among three input terminals of the mix 
circuit 81 . The high frequency component cut-off filter 810 comprises a pi type filter 
which sandwiches the capacitors 815 and 816 from both sides right in the middle in the 
resistance 814 like a graphic display as one example. 

By doing in this way, the high frequency component of the current error signal from the 
comparator 74 is removed, the noise of a current error signal ceases to carry out an 
adverse effect to waveform shaping, and a waveform becomes good. 
[0023] 

(Embodiment of the invention 5) 

The embodiment of the invention 5 makes the output signal of said reversal and 
waveform processing circuit 63 an auxiliary modulating signal, and inputs it into the mix 
circuit 81 . Namely, when not performing this, the dynamic range of the waveform error 
detection circuit 92 tended to be insufficient, but. Since the waveform error detection 
circuit 92 can perform fine waveform shaping, its accuracy improves, because are used 
as an auxiliary modulating signal, and it comes out of a modulating signal from reversal 
and the waveform processing circuit 63 and is made to perform rough abnormal 
conditions. 
[0024] 

(Embodiment of the invention 6) 

The embodiment of the invention 6 provides the limiting circuit which carries out 
restriction of a plus direction and the minus direction to the difference information of said 
waveform error detection circuit 92, and he is trying to input it into the mix circuit 81 . 
Drawing 5 is a figure explaining this embodiment, and, in a block diagram and (b), (a of a 
characteristic figure and (c)) is a wave form chart. In a figure (a), 921 by the limiting 
functions 921 provided by this embodiment into the waveform error detection circuit 92. 
If the reference waveform from the gain variable amplifier circuit 91 and the input current 
waveform from the rectification circuit 72 start the input of the waveform error detection 
circuit 92, a waveform error will be outputted to the mix circuit 81 through these limiting 
9 



functions 921 . 
[0025] 

As for a figure (b), a waveform error value and the horizontal axis of a vertical axis are 
input current waveforms. A reference waveform is added to 10 of a horizontal axis. In the 
error detection characteristic, as shown in a figure, the limit straight lines L1 and L2 
which limit a waveform error focusing on 10 on the line segment L0 of negative inclination 
and the predetermined level on which it is provided by this embodiment before and 
behind that continue. 
[0026] 

A figure (c) is a wave form chart and (1) is a waveform of the wave form chart added to a 
horizontal axis, and the waveform error signal to which (2) appears in a vertical axis. In 
(1), I is a reference waveform and RO is an input current waveform. Suppose that Nl is 
disturbance. If reference waveform I is added to the horizontal axis 10 of a figure (b), 
when larger than this and input current waveform RO is small on the right-hand side of a 
figure focusing on this, it will sway on the left-hand side of a figure, and it will extend 
upwards vertically from the deflection position, and an intersection with the error 
detection ultimate lines L0 will serve as a waveform error value. Then, if input current 
waveform RO is too large, it will come to intersect the error detection ultimate lines L1 , 
and a limit will start a waveform error. Also when input current waveform RO is too small, 
a limit starts a waveform error by similarly intersecting the error detection ultimate lines 
L2. 

Therefore, waveform restriction of disturbance Nl which invaded into input current 
waveform RO will be carried out by limiting functions, and the influence on a waveform 
error will be reduced. 

Since a case so that an error signal may exceed a limit value is a problem when it turns 
out that it is what most depends on disturbance experientially, therefore this comes into 
a control system, the influence of disturbance is mitigable by this embodiment. 
Since operation can be prevented also from a circuit being saturated and becoming 
unstable and a gain when there are still few errors can be enlarged, an input current 
waveform will follow a reference waveform more, and the subeffect that a power-factor 
improves is also acquired. 
[0027] 

(Embodiment of the invention 7) 

The embodiment of the invention 7 is a thing as a current error signal only provides a 
difference in a current increase and rising characteristics. There are the technique of 
providing a difference in (1) inclination and the technique of providing a difference in (2) 
limit values in how to make the difference between a current increase and rising 
characteristics. 

Drawing 6 is a figure explaining the technique of providing a difference in the current 
increase and rising characteristics concerning this embodiment, and, as for a block 
diagram and (b), the 1st characteristic figure and (c) of (a) are the 2nd characteristic 
figure. 

In a figure (a), 741 in the increase and rising-characteristics difference processing circuit 
provided by this embodiment into the comparison circuit 74. If the input current signal 
from the smoothing circuit 73 and the reference signal from the output set part 75 go into 
the input side of the comparison circuit 74, a current error will be outputted to the mix 
circuit 81 through this increase and rising-characteristics difference processing circuit 
741. 
[0028] 

In a figure (b), a vertical axis is a current error value and a horizontal axis is an input 
current signal. A reference signal is added to 10 of a horizontal axis. And as shown in a 
figure with this embodiment, when the error detection characteristic makes alpha the 
inclination of a left-hand side (side in which an input current is smaller than a reference 
signal) line segment with beta a center [ the reference signal 10 ] for the inclination of the 
right-hand side (side with a larger input current than a reference signal) line segment L1 , 
10 



Alpha>beta 

When it carries out and a difference is set to e1 , it is the feature to have applied the limit 
like the characteristic L3 and the characteristic L4 (it was alpha=beta conventionally.). 
[0029] 

As opposed to a big error signal being obtained by alpha, if it centers on the reference 
signal 10 and a bigger input current signal enters by this, and controlling early, When it 
centers on the reference signal 10 and a smaller input current signal enters, a small error 
signal will be obtained by beta, and it will control slowly. Thus, hunching (vibration) was 
made hard to produce by establishing a difference among both. 
As mentioned above, the evil in which hunching by corresponding quickly conversely 
occurs is lessened, without according to this embodiment, corresponding quickly, since it 
is not dangerous when it controls quickly and the input current is less than the standard, 
since it is dangerous when an input current exceeds from a standard. 
[0030] 

(Modification of the embodiment of the invention 7) 

A figure (c) is a figure explaining the technique of providing a difference in the limit value 
which is the 2nd characteristic figure. In a figure (c), a vertical axis is a current error 
value and a horizontal axis is an input current signal. A reference signal is added to 10 of 
a horizontal axis. And when the error detection characteristic sets a right-hand side (side 
with a larger input current than a reference signal) current error limit value to e1 with the 
line segment L1 of the fixed inclination alpha a center [ the reference signal 10 ] as 
shown in a figure, and setting to e2 a left-hand side (side in which an input current is 
smaller than a reference signal) current error limit value by this embodiment, 
e2<e1 

Carrying out is the feature (it was e1=e2 conventionally.). 

Since the current error signal will have set up e1 greatly if it centers on the reference 
signal 10 and a bigger input current signal enters by this, When a big signal is acquired, it 
centers on the reference signal 10 to being controlled quickly and a smaller input current 
signal enters, without being restricted, a current error signal will be restricted to e2, and 
will be controlled slowly. Thus, it becomes difficult to produce hunching (vibration) by 
establishing a difference among both. 

As mentioned above, the evil in which hunching by corresponding quickly conversely 
occurs is lessened, without corresponding quickly, since it is not dangerous when it 
controls also by this technique quickly and the input current is less than the standard 
with it, since it is dangerous when an input current exceeds from a standard. 
[0031] 

(Embodiment of the invention 8) 

The embodiment of the invention 8 is considering Vc limiter function which controls the 
collector voltage Vc of a switching transistor to a specified value as the composition 
added to a current control output. 

Drawing 7 is a figure explaining the composition which adds Vc limiter function 
concerning the embodiment of the invention 8 to a current control output, (a) is a block 
diagram and (b) is an example of a concrete circuit. In drawing 7 (a), 74 is a comparison 
circuit of drawing 1 . the input current signal from the smoothing circuit 73 ( drawing 1 ) is 
inputted into the input terminal of one of these, the current reference signal from the 
output set part 75 is inputted into the input terminal of another side, and the difference of 
an input current signal and a current reference signal is outputted as a current error from 
an output terminal, a dotted line shows to the circuit shown in such drawing 1 caudad 
further by the embodiment of the invention 8 at drawing 7— a functional addition is 
carried out. 
[0032] 

In a figure (a), 740 by another comparator side provided by Embodiment 8. The collector 
voltage signal Vc of a switching transistor is inputted into the one input terminal 742 of 
the comparator 745, The impressed electromotive force at the time of the non oscillation 
of a magnetron is inputted into other input terminals 743 as the voltage reference signal 
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V2, From the comparator 745, the difference of the voltage signal Vc of the input 
terminal 742 and the voltage reference signal of the input terminal 743 is outputted to the 
output terminal 744, is added with the output of the above-mentioned comparison circuit 
74, and let it be an error signal. 
[0033] 

A figure (b) is an example of a concrete circuit of a comparator. The comparator 74 is 
constituted from the two transistors T1 and T2, and the comparator 740 by this 
embodiment consists of two transistor T3 and T4. When each signal of a reference 
current, an input current, Vc, and a voltage standard is added to the base of each 
transistors T1-T4 and an input current exceeds a reference current at it, respectively, 
and when Vc exceeds a voltage standard, an output is produced to the both ends of the 
resistance R5, respectively, and this serves as a current error signal. When both the 
comparators operate, a synthetic output is produced to the both ends of the resistance 
R5, and this serves as a current error signal. 
[0034] 

The characteristic equivalent to different high resistance is indicated to be the 
characteristic shown in drawing 13 until the cathode of a magnetron can warm enough 
and the oscillation of it is attained. Therefore, the period which is operating the switching 
transistor 39 in order to send current through a filament from the 3rd winding 42 of a 
transformer ( drawing 1 ) until an oscillation becomes possible (it is described as the time 
of a non oscillation below), The voltage impressed to the primary winding 38 of the 
transformer 41 was restricted, and excess voltage is prevented from being impressed to 
a magnetron. 

Will make voltage V2 into a voltage reference signal at the time of the non oscillation of a 
magnetron, and Vc limiter function which controls the collector voltage Vc of the 
switching transistor 39 to a specified value by comparing with the collector voltage signal 
Vc of the switching transistor 39 will be added to a current control output, It becomes the 
simplification of a circuit. Since this voltage reference signal is changed to the voltage V1 
higher than the voltage V2 at the time of the oscillation of a magnetron, it is supposed 
substantially that it is invalid. 
[0035] 

(Embodiment of the invention 9) 

The embodiment of the invention 9 omits the high-frequency component of difference 
information, and is taken as the control input signal of gain variable amplifier. Thereby, 
stability becomes good. 

Drawing 8 shows the embodiment of the invention 9, (a) is a block diagram and (b) is 
one example of the high-frequency component cut-off filter 910 of (a). 
According to the embodiment of the invention 9, in (a), it is the feature to have formed 
the high-frequency component cut-off filter 910 which removes the high frequency 
component of the output (waveform error) which came out from the waveform error 
detection circuit 92 to the outside in gain variable amplifier by the amplifier input side of 
the gain variable amplifier circuit 91 . This high frequency component cut-off filter 910 
comprises a pi type filter which sandwiches the capacitors 912 and 913 from both sides 
right in the middle in the resistance 91 1 like a graphic display as one example. 
By doing in this way, the high frequency component of the waveform error signal from 
the waveform error detection circuit 92 is removed, the noise of a waveform error signal 
ceases to carry out an adverse effect to a gain variable, and a reference current 
waveform is stabilized to a waveform error. It becomes strong also to disturbance. 
[0036] 

(Embodiment of the invention 10) 

He is trying for the embodiment of the invention 10 to establish the reference signal 
conversion method which brings a reference waveform signal close to zero at the time of 
the phase which becomes low [ commercial source voltage ]. 
Drawing 9 is a figure explaining the reference signal conversion circuit used by this 
embodiment, as for a block diagram and (b), one example of the reference signal 
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conversion circuit of (a) and (c) of (a) are wave form charts, (1) is a reference waveform 
and (2) is a waveform error signal. 

In drawing 9 (a), as for the phase (near 0 times, near 180 degrees) which this reference 
signal conversion circuit 620 is inserted between the plastic surgery filter 62 and the gain 
variable amplifier 91 , and becomes low [ commercial source voltage ], 620 carries out 
****** which brings a reference waveform signal close to zero by a reference signal 
conversion circuit. 
[0037] 

In (b), the reference signal conversion circuit 620, Transistor Tr62 is connected with a 
Vcc power source between the input terminals of the gain variable amplifier 91 , The 
direct current voltage 62 is inserted between the base of transistor Tr62, and a ground, 
and the resistance R62 is inserted upstream of the node of the emitter of transistor Tr62, 
and the input terminal of the gain variable amplifier 91 , and it changes. 
If the full wave rectification Vs of exchange arrives at the input terminal of the gain 
variable amplifier 91 now, when the voltage of Vs is larger than the specified value V2, 
transistor Tr62 will be OFF, and full wave rectification as it is will be obtained. 
However, since transistor Tr62 becomes one and Vcc voltage is impressed to the input 
terminal side when the voltage of Vs becomes smaller than the specified value V2, the 
waveform not more than V2 turns into a waveform which stops having appeared and 
was raised by predetermined low voltage. And if this wave-like level is shifted and a low 
voltage portion is doubled with 0, desired waveform Vs' will be obtained. 
[0038] 

(1) of a figure (c) is an enlarged drawing of this waveform Vs', and the phase (near 0 
times, near 180 degrees) which becomes low [ commercial source voltage ] is 
approaching zero in the reference waveform signal. A control action is stabilized by 
using such a waveform. Because, since current cannot be sent through a magnetron 
from the first, it is not necessary to take out a waveform error signal with the place of the 
phase (near 0 times, near 180 degrees) which becomes low [ commercial source voltage 
] to unreasonableness. Therefore, it is because the operation of the phase which 
becomes low [ commercial source voltage ] which will control unstably by taking out a 
waveform error signal if the reference waveform signal is made into zero by the way is 
lost. Operation became unstable easily and Drawing c (2) had also produced the 
amplitude value C1 of the error signal greatly in the place of the phase (near 0 times, 
near 180 degrees) which is a waveform error signal by a conventional method, and 
becomes low [ commercial source voltage ] as shown in a figure. Since according to this 
embodiment it will be cut as this portion of C1 shows by hatching, operation will be 
stabilized. 
[0039] 

(Embodiment of the invention 1 1 ) 

The embodiment of the invention 1 1 forms the band pass filter 621 in the above- 
mentioned shaping circuit 62 as an example of a filter which attenuates the harmonics 
ingredient of commercial power frequency, and constitutes a plastic surgery filter circuit. 
Drawing 10 is a figure explaining the embodiment of the invention 1 1 , (a) is a circuit 
diagram and (b) is a gain frequency characteristic figure. 

621 is the band pass filter provided in the shaping circuit 62 by the embodiment of the 
invention 1 1 , and he is trying to attenuate the several ingredients high order which 
exceeds commercial power frequency with this band pass filter 621 in a figure (a). 
The gain frequency characteristic of the band pass filter 621 is shown, the harmonics 
ingredient of the high order number of commercial power frequency is cut, and, on the 
other hand, the magnitude of attenuation of the harmonics ingredient of a lower degree 
ingredient has (little b). Since a power-factor becomes good compared with a sinusoidal 
reference signal system with a conventional microcomputer and the distortion 
component and noise of a high order number are cut as it explained by Embodiment 2, 
since the distortion component of the lower degree of commercial power frequency 
remained with this, operation is stabilized and it becomes strong to disturbance. 
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[0040] 

(Embodiment of the invention 12) 

The embodiment of the invention 12 is advancing the phase of the reference waveform 
in the above-mentioned Embodiment 2 beforehand in consideration of the time delay of 
a control system. A power-factor improves by doing in this way. Drawing 1 1 is a figure 
explaining the embodiment of the invention 12, and (a) is a circuit diagram and a figure 
explaining the phase leading of the (b) reference waveform. 

In a figure (a), 620 with an example of the filter circuit provided by the embodiment of the 
invention 12. The highpass filter which cuts a low-pass ingredient is roughly constituted 
from the resistance R61 , and R62 and the capacitor C61 , the low pass filter which omits 
a high-frequency component by the resistance R63, and R64 and the capacitor C62 is 
constituted, and it has the composition of giving DC bias by the resistance R61 and R62. 
In the above-mentioned filter, the cut off frequency of a low pass filter is higher than 
power supply frequency, and the cut off frequency of a highpass filter is setting up low, 
and becomes a band pass filter of the characteristic shown in the gain frequency 
characteristic of a figure (b). 

The frequency of the signal inputted into a filter is shown on a horizontal axis by the 
phase-frequency characteristic of a figure (b), and the phase change of the output signal 
over it is shown on a vertical axis. Since the above mentioned low pass filter is a late 
phase circuit and a highpass filter is a phase leading circuit, as shown in a figure, on 
frequency higher than power supply frequency, a phase is overdue, and the phase is 
progressing on frequency lower than power supply frequency, but. By setting up said cut 
off frequency become high a little from power supply frequency about the frequency in 
which a phase crosses 0 times, as shown in a figure, he follows the phase of the 
reference signal in power supply frequency, and only quantity deltaphi is advanced. 
Therefore, since a control system follows the reference signal which advanced the 
phase to power supply voltage with some delay, an input current waveform phase 
agrees in power supply voltage, and the rate of high tensile is obtained. 
[0041] 

[Effect of the Invention] 

As mentioned above, according to this invention, the input current of the inverter circuit 
which rectifies AC power voltage and is changed into exchange of predetermined 
frequency is detected, Rectify this detection current, and ask for an input current 
waveform and, on the other hand, said AC power voltage is rectified, By shaping in 
waveform, asking for a reference waveform, searching for the difference of said input 
current waveform and said reference waveform, mixing this difference information and a 
current control output in a mix circuit, and changing into the driving output of the 
switching transistor of said inverter circuit, Since the control loop operates so that an 
input current waveform may agree on the waveform standard which followed the 
waveform of input voltage, and the size of the input current, Even if the kind of 
magnetron and its characteristic have variation, the ebm (voltage between anode 
cathodes) change by the temperature of the anode of a magnetron or the load in a 
microwave oven and the input current waveform plastic surgery which does not receive 
those influences even if line voltage variation occurs further can be made. 

[Brief Description of the Drawings] 

[Drawing 1] This invention is a block diagram of the target magnetron drive power supply. 
[Drawing 2] It is a circuit diagram showing one example of the mix circuit 81 of drawing 1 . 
[Drawing 31 It is a figure explaining the waveform acquired by the embodiment of the 
invention 1 , and when an input current is large, (b) of (a) is when an input current is 
small. 

[Drawing 4] It is a circuit which shows the example of composition which omits the high- 
frequency component concerning the embodiment of the invention 4. 
[Drawing 5] It is a figure explaining the embodiment of the invention 6, and, in a block 
diagram and (b), (a of a characteristic figure and (c)) is a wave form chart. 
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[Drawing 6] It is a figure explaining the technique of providing a difference in the current 
increase and rising characteristics concerning the embodiment of the invention 7, and, 
as for a block diagram and (b), the 1st characteristic figure and (c) of (a) are the 2nd 
characteristic figure. 

[Drawing 7] It is a figure explaining the composition which adds Vc limiter function 
concerning the embodiment of the invention 8 to a current control output, and (a) is a 
block diagram and (b) is an example of a concrete circuit. 

[Drawing 8] It is a figure explaining the embodiment of the invention 9, and (a) is a block 
diagram and (b) is one example of the high-frequency component cut-off filter 910 of (a). 
[Drawing 9] lt is a figure explaining the reference signal conversion circuit used by the 
embodiment of the invention 10, and, as for a block diagram and (b), one example of the 
reference signal conversion circuit of (a) and (c) of (a) are wave form charts. (1) is a 
reference waveform and (2) is a waveform error signal. 

[Drawing 10] It is a figure explaining the embodiment of the invention 1 1 , and (a) is a 

circuit diagram and (b) is a gain frequency characteristic figure. 

[Drawing 11] It is a figure explaining the embodiment of the invention 12, and (a) is a 

circuit diagram and a figure explaining the phase leading of the (b) reference waveform. 

[Drawing 1 2] It is a figure explaining the high frequency heating device which carries out 

the control system for which these people applied previously. 

[Drawing 13] It is an anode cathode impressed-electromotive-force-anode current 

characteristic figure of a magnetron, and is a figure in which (a) shows the kind of 

magnetron, (b) shows electric supply matching, and (c) shows the temperature of a 

magnetron, respectively. 

[Explanations of letters or numerals] 

20 AC power supply 

30 Smoothing circuit 

31 Diode bridge type rectification circuit 

32 Diode 

34 Inductor 

35 Capacitor 

36 Resonant circuit 

37 Capacitor 

38 Primary winding 

39 Switching transistor 

41 Transformer 

42 3rd winding 

43 Secondary winding 

45 Capacitor 

46 Diode 

47 Capacitor 

48 Diode 

50 Magnetron 

51 Cathode 

52 Anode 

61 Diode 

62 Shaping circuit 

63 Reversal and a waveform processing circuit 

71 Current detection means 

72 Rectification circuit 

73 Smoothing circuit 

74 Comparison circuit 

75 Output set part 

81 Mix and filter circuit 

82 PWM comparator 

83 Saw wave generation circuit 
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91 Gain variable amplifier circuit 

92 Waveform error detection circuit 
620 Reference signal conversion circuit 

740 Comparator 

741 An increase and a rising-characteristics difference processing capability circuit 
81 0 High frequency cut-off filter 

91 0 High-frequency component cut-off filter 
921 Limit circuit 
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